INTRODUCTION {#s1}
============

An estimated 263,900 new cases and 128,000 deaths from oral cavity cancer occurred in 2008 worldwide \[[@R1]\]. The prognosis for oral squamous cell carcinoma (OSCC) patients is determined by multiple factors including primary tumor size (T), the presence of lymph node (N) and distant (M) metastases, and histopathological grade \[[@R2], [@R3]\]. Of these, N is of paramount importance \[[@R4]-[@R6]\], so it is important to precisely diagnose the metastatic status of lymph nodes. Ultrasound (US), computed tomography (CT), magnetic resonance imaging (MRI), and positron emission tomography (PET)-CT have all been used to detect cervical lymph node metastasis. Individually, the sensitivity of these methods is approximately 70-80% \[[@R7], [@R8]\], while in combination this improves to 86.5% \[[@R8]\]. However, micrometastases less than 2 mm in diameter are difficult to detect by these imaging techniques, so when we diagnose OSCC patients as clinically N0 (cN0), we may be failing to detect micrometastasis in lymph nodes. Elective neck dissection for OSCC patients with cN0 is a standard \[[@R9]\], but may be over-treatment in approximately 80% of these patients \[[@R10]\]. Introducing sentinel node biopsy (SNB) in cN0 patients could both avoid unnecessary neck dissections and be more financially economical \[[@R11], [@R12]\], but the limitation to diagnosis then becomes our ability to histopathologically detect micrometastases. Currently this depends upon the examination of the largest surface area on one or two sections of the resected sentinel lymph nodes and to detect micrometastases in only a few slides is often difficult. Thus, a method based on molecular biology that uses whole lymph nodes may provide a more accurate diagnosis than conventional histopathology.

Recently, we have used an automated system that rapidly quantifies keratin 19 (KRT19) mRNA using the reverse transcription loop-mediated isothermal amplification (RT-LAMP) method to examine sentinel lymph nodes from OSCC patients assessed as cN0. This method is superior to PCR in its simplicity, rapidity, specificity, and cost-effectiveness \[[@R13]\]. At present, the RT-LAMP for KRT19 is used clinically for SNB in breast, colon, and gastric cancer patients \[[@R14]-[@R16]\]. In a previous study, we showed that the sensitivity and specificity of this assay in OSCC patients were 86.9% and 97.2%, respectively \[[@R17]\]. The sensitivity of the RT-LAMP for KRT19 in OSCC patients was lower than has been reported in other cancers. This difference in sensitivity may be due to differences in the relative expression levels of KRT19 in different cancers. In several primary OSCC tumors and associated metastatic lymph nodes, KRT19 mRNA and protein were expressed at extremely low levels \[[@R17]\]. The sensitivity of the RT-LAMP could be improved by using multiple markers. Therefore, here we attempted to identify more efficient molecular markers for detecting lymph node metastasis in OSCC patients.

RESULTS {#s2}
=======

Identification of overexpressed genes in metastatic lymph nodes from OSCC patients {#s2_1}
----------------------------------------------------------------------------------

Using microarray analysis, we compared the gene expression profiles in 7 metastatic lymph nodes from OSCC patients and 1 cervical lymph node from a non-cancer patient. We also analyzed 5 salivary glands, because heterotopic salivary gland tissue may also be present in cervical lymph nodes \[[@R18]\]. We evaluated gene expression in terms of signal to noise ratios, with a ratio under 3 taken as negative expression and a ratio over 3 taken as positive expression. We identified 11,062 genes which were not expressed in any of the salivary glands tested. Amongst these genes, we found 4 that were overexpressed in all metastatic lymph nodes by more than 50 times compared to the normal lymph node (Figure [1A, 1B](#F1){ref-type="fig"}). These genes were keratin 6C (KRT6C), small proline-rich protein 1B (SPRR1B), annexin A8 (ANXA8), and desmoglein 3 (DSG3).

![Identification of candidate molecular markers for detecting lymph node metastases in OSCC by microarray analysis\
**A.** Experimental plan for microarray analysis. **B.** Box plot of keratin 6C (KRT6C), small proline-rich protein 1B (SPRR1B), annexin A8 (ANXA8), and desmoglein 3 (DSG3) mRNA expression levels in a normal lymph node, metastatic lymph nodes, and salivary glands.](oncotarget-07-4882-g001){#F1}

Overexpression of ANXA8 and DSG3 in metastatic lymph nodes by quantitative RT-PCR (qRT-PCR) {#s2_2}
-------------------------------------------------------------------------------------------

We were able to design primers for RT-PCR for KRT6C, ANXA8, and DSG3 but not for SPRR1B. The expression of these 3 genes was examined by qRT-PCR in 23 fresh metastatic lymph nodes from OSCC patients and 9 normal lymph nodes from non-cancer patients. All 3 genes were significantly overexpressed in the metastatic lymph nodes compared to the normal lymph nodes. In particular, neither ANXA8 nor DSG3 mRNA was detected in any of the normal lymph nodes (Figure [2](#F2){ref-type="fig"}).

![Quantification of candidate molecular markers in normal and metastatic lymph nodes by qRT-PCR\
Three genes, KRT6C, ANXA8, and DSG3, were evaluated by qRT-PCR using 23 metastatic lymph nodes (M) and 9 normal lymph nodes (N), as defined histopathologically. CT, cycle threshold; \*\*, *p* \< 0.0001 compared to normal lymph nodes.](oncotarget-07-4882-g002){#F2}

Expression of ANXA8 and DSG3 in KRT19 negative lymph nodes by RT-LAMP {#s2_3}
---------------------------------------------------------------------

In a previous study, we found that RT-LAMP could detect KRT19 mRNA in 53 of 61 (86.9%) metastatic lymph nodes from OSCC patients \[[@R17]\]. Using qRT-PCR, we asked whether the expression of ANXA8 and DSG3 mRNAs could be detected in the 8 metastatic lymph nodes in which RT-LAMP had been unable to detect KRT19 expression. We were able to detect DSG3 mRNA in 6 of the 8 lymph nodes, whereas ANXA8 mRNA was detected in all 8 lymph nodes (Figure [3](#F3){ref-type="fig"}).

![Expression of ANXA8 and DSG3 mRNA in KRT19-negative metastatic lymph nodes\
The expression of ANXA8 (open bars) and DSG3 (solid bars) mRNA was evaluated by qRT-PCR in 8 lymph nodes (1-8) that had been identified as negative for KRT19 mRNA expression in RT-LAMP assays. CT, cycle threshold.](oncotarget-07-4882-g003){#F3}

Detection rates in metastatic lymph nodes using single or double markers {#s2_4}
------------------------------------------------------------------------

We investigated detection rates using a single marker (KRT19 or ANXA8) or double markers (KRT19 and ANXA8), using RT-LAMP to detect KRT19 mRNA and qRT-PCR to detect ANXA8 mRNA. Among 58 lymph nodes classified histopathologically as metastasis-positive, KRT19 mRNA was detected in 86.2% (50/58) and ANXA8 mRNA was detected in 87.9% (51/58). When we used both markers (KRT19 and ANXA8), we were able to detect expression in all metastatic lymph nodes (Table [1](#T1){ref-type="table"}). We also tested 253 lymph nodes classified histopathologically as metastasis-negative and found that the qRT-PCR assay detected ANXA8 mRNA expression in approximately 3% of the samples (Table [1](#T1){ref-type="table"}).

###### Detection rate of KRT19 mRNA by RT-LAMP and ANXA8 mRNA by qRT-PCR in lymph nodes classified as positive or negative for metastases histopathologically, using single or double markers

  --------------------------------------------------------------------------------------------------------
                                                     KRT19             ANXA8             KRT19 + ANXA8
  -------------------------------------------------- ----------------- ----------------- -----------------
  Histopathologically positive lymph nodes (n=58)    50 (6)/58 (7)\    51 (5)/58 (7)\    58 (7)/58 (7)\
                                                     86.2%             87.9%             100%

  Histopathologically negative lymph nodes (n=253)   0 (0)/253 (65)\   7 (2)/253 (65)\   7 (2)/253 (65)\
                                                     0%                2.8%              2.8%
  --------------------------------------------------------------------------------------------------------

( ), Number of sentinel lymph nodes

Detection of ANXA8 expression by RT-LAMP {#s2_5}
----------------------------------------

To evaluate whether ANXA8 mRNA could be detected in metastatic lymph nodes by RT-LAMP, we designed 5 primer sets using PrimerExplorer and then determined which one amplified mRNA most efficiently, as described in the Methods section. We then carried out RT-LAMP assays using 133 lymph nodes, of which 53 were metastatic lymph nodes and 66 were non-metastatic lymph nodes from OSCC patients and 14 were normal lymph nodes from non-cancer patients. ANXA8 mRNA expression was detected rapidly in most metastatic lymph nodes but not in normal lymph nodes (Figure [4A, 4B](#F4){ref-type="fig"}). Using a cut-off time of 1,200 s (20 min), the sensitivity, specificity, and accuracy were 90.6% (48/53), 93.9% (62/66), and 92.4% (110/119), respectively (Table [2](#T2){ref-type="table"}). RT-LAMP also detected ANXA8 in all KRT19-negative metastatic lymph nodes (Figure [4A](#F4){ref-type="fig"}). Furthermore, we examined the expression of ANXA8 mRNA in primary tumor and adjacent normal mucosa tissues from OSCC patients by RT-LAMP. ANXA8 mRNA was detected in both types of tissues at extremely high levels (Figure [4C](#F4){ref-type="fig"}).

![Detection of ANXA8 mRNA in lymph nodes and primary tumors from OSCC patients by RT-LAMP\
**A.** The expression of ANXA8 mRNA in KRT19-positive (n=35) or negative (n=18) metastatic lymph nodes. **B.** The expression of ANXA8 mRNA in normal lymph nodes (n=14) from non-cancer patients. **C.** The expression of ANXA8 mRNA in primary tumor and adjacent normal oral mucosa tissues from OSCC patients (n=4). The dotted lines indicate a cut-off time of 1,200 s (20 min).](oncotarget-07-4882-g004){#F4}

###### Detection rate of KRT19 and ANXA8 mRNA by RT-LAMP in lymph nodes classified as positive or negative for metastases histopathologically, using single or double markers

  --------------------------------------------------------------------------------------------------------
                                                    KRT19                ANXA8            KRT19 + ANXA8
  ------------------------------------------------- -------------------- ---------------- ----------------
  Histopathologically positive lymph nodes (n=53)   35 (3)^\*^/53 (5)\   48 (5)/53 (5)\   53 (3)/53 (5)\
                                                    66.0%                90.6%            100%

  Histopathologically negative lymph nodes (n=66)   0 (0)/66 (33)\       4 (3)/66 (33)\   4 (3)/66 (33)\
                                                    0%                   6.1%             6.1%
  --------------------------------------------------------------------------------------------------------

( ), Number of sentinel lymph nodes

DISCUSSION {#s3}
==========

In this study, we have identified ANXA8 and DSG3 as candidate molecular markers for molecular biology-based assays to detect metastases in whole lymph nodes from OSCC patients. DSG3 is also known as pemphigus vulgaris antigen (PVA) and is the calcium-binding, transmembrane glycoprotein component of desmosomes in vertebrate epithelial cells. DSG3 has been reported to be overexpressed in head and neck cancers and this has been correlated with lymph node metastasis and cell proliferation \[[@R19], [@R20]\]. Furthermore, several reports have already shown that DSG3 is a useful marker for detecting lymph node metastasis in these patients \[[@R21]-[@R23]\]. On the other hand, ANXA8 has been reported to be frequently highly overexpressed in pancreatic cancer \[[@R24]\], but little is known about its function and significance in other human cancers, including OSCC. Here, we present the first evidence that ANXA8 mRNA is commonly overexpressed in metastatic lymph nodes from OSCC patients.

Histopathological examination of serial sections and immunohistochemistry are useful for detecting metastases including micrometastases in the lymph nodes \[[@R25]\], but it is an expensive and challenging procedure for pathologists. We have therefore been using the RT-LAMP assay targeting KRT19 for SNB in OSCC, because this molecular biology-based test is easy, quick, and precise. However, we have seen several false negative cases due to low or no expression of KRT19 in primary OSCC tumors \[[@R17]\]. In this study, quite a few KRT19-negative metastatic lymph nodes were also observed, whereas we were able to detect ANXA8 mRNA in all those by qRT-PCR and RT-LAMP. Furthermore, ANXA8 mRNA was detected in a few lymph nodes in which metastases had not been identified histopathologically. These discordant results were due to tissue allocation bias. This suggests that molecular biology techniques may provide better diagnostic approaches than routine histopathological examination. These techniques could also be useful for detecting metastases in resected lymph nodes from neck dissections, when the number of metastatic lymph nodes in OSCC patients is used as an indication of the need for postoperative adjuvant therapy. However, the extracapsular spread as another indication of adjuvant therapy cannot be evaluated by these methods.

In summary, we have identified ANXA8 as a novel marker for detecting lymph node metastases in OSCC and have developed a molecular biology-based test using two markers, KRT19 and ANXA8 mRNAs. The accuracy, rapidity, and convenience of this system are superior to conventional histopathological examination, and should enhance our ability to precisely stage OSCC, with respect to "N" in the TNM status, and so improve the prognosis and quality of life of these patients.

METHODS {#s4}
=======

Samples from patients {#s4_1}
---------------------

All patients in this study were seen at the Ehime University Hospital between February 2007 and March 2011. The Ehime University Hospital Review Board approved the study and appropriate written informed consent was obtained from each patient. In the microarray analysis, we examined 7 metastatic lymph nodes from OSCC patients, 1 normal lymph node from a patient with ameloblastoma, and 5 salivary glands from patients with benign salivary gland diseases. In the qRT-PCR analysis, we examined 23 metastatic lymph nodes from OSCC patients and 9 normal lymph nodes from patients undergoing surgery for benign oral disorders. In the RT-LAMP assay, 392 lymph nodes resected by SNB or neck dissection from 103 patients with OSCC, 14 normal lymph nodes from 9 non-cancer patients, and 4 primary OSCC tissues were used. Each lymph node was rinsed quickly in saline solution to remove attached blood, and then divided into three portions. A central portion was examined through sectioning of the maximal cut surface of the specimen, stained with hematoxylin and eosin (H&E), and diagnosed as metastasis or non-metastasis. Remaining both sides were used for total RNA extraction.

Total RNA extraction {#s4_2}
--------------------

For microarray and qRT-PCR assays, total RNA was extracted by lysing the tissues using ISOGEN (NipponGene, Tokyo, Japan), following the manufacturer\'s instructions, and homogenizing them in 0.5 ml ISOGEN using TissueLyser (Qiagen, Valencia, CA). RNA integrity was confirmed using the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA).

Microarray analysis {#s4_3}
-------------------

The Applied Biosystems Chemiluminescent RT-IVT Labeling Kit (Life Technologies, Carlsbad, CA) was used to convert total RNA to digoxigenin (DIG)-labeled cRNA. Double-stranded cDNA was generated from 1 μg total RNA, transcribed using DIG-labeled nucleotides (Roche Diagnostics, Basel, Switzerland), fragmented, and hybridized to Human Genome Survey Arrays (Life Technologies) according to the manufacturer\'s instructions. After washing each array, the signal was developed using a chemiluminescent detection kit (Life Technologies). Processed arrays were scanned with a 1700 chemiluminescent microarray analyzer (Life Technologies) and the results analyzed using the GeneSpring GX 13.0 (Agilent Technologies). The raw microarray data have been deposited in the Gene Expression Omnibus (GEO, <http://www.ncbi.nlm.nih.-gov/geo>, experiment number: GSE70604), according to the minimum information about microarray experiment (MIAME) guidelines.

qRT-PCR {#s4_4}
-------

We performed qRT-PCR in 10 μl final volumes in capillary tubes in a LightCycler instrument (Roche Diagnostic, Mannheim, Germany), using the One-Step SYBR PrimeScript RT-PCT Kit II (Takara Bio, Otsu, Japan). Reaction mixtures contained 5 μl 2 x One-Step SYBR RT-PCT Buffer 4, 0.4 μl PrimeScript One-Step Enzyme Mix 2, 0.4 μl of each primer, and 100 ng total RNA sample. PCRs were run for 40 cycles of 5 s at 95°C and 20 s at 60°C. At the end of each PCR run, melting curve analysis from 65 to 95°C was used to detect non-specific PCR products and primer-dimer co-amplification. Fluorescence curves were analyzed using LightCycler software version 3.5. The quantification of mRNA levels used the threshold cycle (CT). We used hydroxymethylbilane synthase (HMBS) expression as the endogenous control. The sequences of the primers used were as follows: KRT6C, forward 5′-CTG GAG GCA TCC AAG AGG TCA-3′ and reverse 5′-GCA GGG TCC ACT TTG TTT CCA-3′; ANXA8, forward 5′-CAG ACA CAA GTG GCT ACC TGG AGA-3′ and reverse 5′-TCC ACA AAG CTG CTC ACA TCA TC-3′; DSG3, forward 5′-CCC AGT TCC TGA TGG CTC AGA-3′ and reverse 5′-AAA TCG GCT CCA TTG GCT GTT A-3′; HMBS, forward 5′-CAT GCA GGC TAC CAT CCA TGT-3′ and reverse 5′-GTT AGC AGT GAT GCC TAC CAA-3′.

RT-LAMP {#s4_5}
-------

We designed the primer sets for detecting ANXA8 mRNA expression using PrimerExplorer (<http://primerexplorer.jp/>). Each primer set consisted of 4 primers: a forward inner primer (FIP), F3, a backward inner primer (BIP), and B3. We selected 5 primer sets and evaluated each one for the time taken to detect the expression of ANXA8 mRNA, using a small number of lymph nodes. We used 2 metastatic lymph nodes and 1 normal lymph node, as defined histopathologically. We selected the primer set giving the fastest detection time and then designed a loop primer set. In RT-LAMP, adding loop primers to increase the starting points for DNA synthesis reduces detection times by one third to one half \[[@R26]\]. We also evaluated the detection times for 5 loop primer sets using a small number of lymph nodes, as described above. We were then able to identify the following primer set optimized for detecting ANXA8 mRNA: FIP 5′-TGC AGC TCC TTG GCT TCG TAT CTC TGA GCT CAG TGG CAA GT-3′ and BIP 5′-TGA CGC CAT GAA GGG CTT AGG GCT GGT TCT TGG TCC GAG-3′; loop-forward (LF) 5′-AGG GCC ACA ATG AGC CT-3′ and loop-backward (LB) 5′-CAA GGA GGG TGT CAT CAT TGA G-3′; F3 5′-GGA CCT CAC TGA GAC CTT GA-3′ and B3 5′-CGC CTT CAT TAT CTC CCG C-3′.

Each lymph node or tissue was homogenized in 4 ml of the homogenizing reagent Lynorhag, pH 3.5 (Sysmex, Kobe, Japan), for 90 seconds on ice using a Physcotron NS-310E2 microhomogenizer with an NS-4 microshaft (Microtec Nition, Funabashi, Japan) and centrifuged at 10,000 x g at room temperature. Two μl of the supernatant was subjected to the RT-LAMP. We used an RNA amplification kit for RT-LAMP and Loopamp reaction tubes (Eiken Chemical, Tokyo, Japan), each containing a 20 μl reaction mix, composed of 12.5 μl Reaction Mix, 40 pmol FIP and BIP, 20 pmol LF and LB primers, 5 pmol F3 and B3 primers, 1 μl Enzyme Mix, and 5 μl sample RNA. RT-LAMP assays were run at 65°C for 60 min and then the enzyme was inactivated by incubating the mixtures for 5 min at 80°C in Realoop-30 (Shoko Scientific, Yokohama, Japan). The expression level of mRNA was detected by real-time monitoring of turbidity changes caused by an increase in the magnesium pyrophosphate concentration, a by-product of the amplification reaction. The primer sequences for KRT19 mRNA were FIP 5′-GGA GTT CTC AAT GGT GGC ACC AAC TAC TAC ACG ACC ATC CA-3′, BIP 5′-GTC CTG CAG ATC GAC AAC GCC TCC GTC TC AAA CTT GGT TCG-3′, LF 5′-AGA ATC TTG TCC CGC AGG-3′, LB 5′-CGT CTG GCT GCA GAT GA-3′, F3 5′-TGG TAC CAG AAG CAG GGG-3′ and R3 5′-GTT GAT GTC GGC CTC CAC G-3′ \[[@R17]\].

Statistical analysis {#s4_6}
--------------------

The student\'s t-test was used to analyze the distribution of CT values according to histological examination. The significance level was set at *p* \< 0.05 for each analysis.
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